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MIMIMUM REQUIRED SIGNAL FOR LIMARS EXPERIMENTS

FOREWORD

This report was prepared by Lawrence E. Myers, Electro-Optics Engineer, Technology / Scien-
tific Services Inc. This work was supported by the US Air Force, Wright Research and Develop-

ment Center, Avionics Laboratory under contract #F33601-89-D-J002 as part of the Laser
Imaging and Ranging System (LIMARS) project. This document was originally presented as an
In-House Technical Briefing; the author wishes to thank the people from WRDC/AARI-2 and
T/SSI who reviewed this briefing and provided useful feedback. The author wishes to acknowl-
edge Dr. Ed Champagne of WRDC/CA-E who contributed to this work by reviewing the manu-
script and offering helpful comments.,..II

ABSTRACT -_

This report determines the minimum detectale signal requiired to perform the LIMARS exper -

ment. LIMARS is a direct detection laser rad using a nlvel receiver scheme to produce a
pixel-registered range image without scanning. This work was motivated by the need to size lhe
transmitter laser which, for this experimental s tem, is i Nd:YAG laser operating at 1.06j.

The laser must produce at least the minimum de ectable power at the detector for the experimen-
tal conditions. The minimum detectable power i that power which just exceeds the noise for
given probabilities of detection and false alarm. included contributions of noise from scene

emission, scene reflection, and internal sources, and I considered experiments in the Bldg 620
Tower and the Bldg 622 Collimator. For the Tower experiment, in the worst case of reflected

sunlight there are 410 rms noise electrons per pixel. In the Collimator experiment, internal noise
of 100 rms noise electrons per pixel dominates.-/

I wrote a computer program to plot the probability of detection as a function of signal electrons

for given probability of false alarm and number of noise electrons using Poisson statistics.
Speckle was not included in this program.'I verified the output by comparison with other pub-
lished results and with a Gaussian approx in\ation. I used the program to calculate the number of
signal electrons needed in the two experimehtal cases for 90% probability of detection and 0. 1%
probability of false alarm. The Tower expejiment requires 1800 received signal electrons per

pixel, or 1.7 x 10-14j per pixel at 1.06gm wilh a 2% detector quantum efficiency. The Collimator
experiment requires 440 received signal ele trons per pixel, or 4.1 x 10-'5J per pixel. These val-
ues for minimum detectable energy at the detector can then be used in the laser radar range equa-
tion to determine the output required froi the transmitter laser.

/1e

'" 1



0

totou

Z) C4 A4

-zs-

u

4-4

_- WI 0

Cud

4)-

o) kl 4

wt. Cie u 4Cu

cz
rA.



00

* -

.0 -c

o o ~ o

.- 0
0-- ~ 0-

CQ CL =7 >-*

V -~ V -ad



4..2

0 c

4.4-

0" V0
C~ U II .



,V,

0

a

0

0 -J

-



4.) '4 4

24.

1... 
4.)

.0 
U5

"o 
0

- - u cz) 75

u 

- ~ c

cz 
N ci

4.

di 6d0

UC

12
cl 71

>-~

U C4

cz 2 -

il il li

cz



00k
col

.00

C44

0 z

Uf

-I -

0 .

U4 0

.0 U,



V
U

-~

-~

_ 0
-~ U Vt-

-~

U

E~-~ ~ U
U HU
Q - x

- II
~ ~-)

V -~ - C1F~ U
- *= II
- '.- -~

-~

~ II
U -~

0

i
~

U

U

-
U
U 0

0 -

'I

0
2 < U-

0 0 0

8



C14)

trl

tC.)

I--

~Ei?

Qrj

LEZ
IIV- ~ fn

_ 7:1

-~~ = on



0

U4U

L)L

000

Ow-



LO0
00)

000

C)) 0

Hz -- 0

CH u
6.00 El

_o 00I

- X X- -00

0 0



0

- U
U U

U
U

U

cj~
o
U 0

-~ 0
U -
U
o

0 U
o E
00 0

_ U~ -o UU
;~< U -

U U
U

U 1.4 1.4
U

p. 1.4 I
'.4- ~ U

U ~ -~

Q z U 0
rJ~ - ~ 0

- -~ 0 o~ *~' U U
U - U

~ -
-~ U U

- ~ ~ U
U U . ~ Ul-q Q~0 ~ ft
U .- U ~ ~ .~ 0

'4-

.- 0 *~ - ~ U
U -~

'.v~ -

U C~

-~ U

U ~
U u~
U .-

I- 0 CIUz
o
U Q -~

I- 0
U Q) o

z -~

- _

-~ U
U
- >~
* 0

12



0
.0

0

5 .50 0

6d 64- 6-
40. 40.40

0 C>
z 0

C) 0

CIO~
r_ 9

0 -5. -.

U, U, _000 000

'I '..* *~4~4- -- 3



W rr

0 0 I so UW

22e

00
-4e

+, U

V3-
00az.o~ W

0 U asou 4w

I-6

9 -~ 
0

cz cz

cc 0 c

-
14



-~C C

oq
CZC

- 0C

0-0

2-1)

0C
-~ c'j -

U 000007R

01



Uo- Uz
cz4

C's t:U

Ci~W)

> , i

T~ OD

CZ m

Uz 00m
Q i>U

I 4 -4 d

- U c.'

t- 71-V
cn 0VU

U U z
c/i 0 1~ __E75i

~ ,-;16



CA-I

W-0 4-

co 0

V Vi

00:,

- /17



U C.)

S

2
-

~o.0CU

U +2 -~ U
CUO4  ~

-~ ~V1ii -~
~Q .~ s~-~o s~-.~o
0 II II

CU -~

CU~
-o CU
U ~-

- u~ 0

- CUE
-~

0 CU .0
-

CU
-

C.) - 0
CU.~ cU

U C.)
~ CU

-~ U Uz ~ ~-o C#~ 0
U 0 0
U ~O
0CU

C.~ - .- U,

.0 _>~CU CU - CU
U .0 .0
_ 0 0 u

U z
CU

U
C.)

I-. U
0..

o - -~C.)

H
* 0

18



0 Zz

1-

CooE

III
0-

-4e

0 -

, '-, 1

_ - .... r.,

o
o "-

-~ II19



CI

I I

A -" .

Z =-- =. ----Q - A

_, _ --r--,z.=

- ° - - I-

I -I

- -'

- - -2-



Ze)

2F 71
u~
>a

c-Q
t-o

.1Z)

a)l

ca)
LiUz '-+

z CCA



oo

4t

4) 4)

4.0.

4) ~7 0 W
U.) M~-,I u~ 6.

4)4-o~N

75 .4 to
+.o 

6

C',22



0

C I I

if> '~-

* I

* -~ I

23



- ' 9 - ;_ C , 0 C , -- -,
I C>("

\ /

f--• 
"\ ---

• - ' -\ -

, -

24-,



U~

t Nt4

pun.jad) ;LiflietfSO? d NO',L:33.O

CC

-- a

7- .... ...

25



CD) 3 D1 , Z

5.-6



cnx

n- s- (

CD 'M (3
D 0 -3r )0C

rrN 2'



0
z

00, /

> 0 z

C)

(91

CD 0 )-

0~j o0 c) :.

A~ N28



* 00

oDo

z
>0 

0 /Vi

00

CL

G: D C D rI- N 1- C - CN 0- 0

29



00

zO

L

>0

n ~0

oo

C) 4

C)

0 CD

30



0

> 0n

* 0,

C 0

C)
C-)

C)

C-)D

00 OD ~ 0u)~ 4  N ~-0
0~ 0 - 0 0 0D r

31



Itr

I-*+ +

-4

z 
0z -'

U A -A

+ I+
w 00

Fe

0 32



(>Ddz
ED O GD CD -P, - M N ,-- 0

- o ED 0 D0 0 0 Cd D ,

C

0 0 0

033

C_

c--

Cf.

Cii

o0c
0 w
CD)

o3



U'X d

Qo 0A

o -o

CD

CD 0
0 0 C., 0D

0 0)

03



0-C CD C-) CD CD CD D 0D CD CD

CD

Uf)
>

0

CL

NdN

35



c~j a c o I t CD c ,

'D I--D o C) C aD a- a- D a) a

cn--

C:CD

N.'IN

'N V 36



C) ) ~ (-0 -2 J V C I - CD
-D ( C:) CD CD CD ( CD 0 C(2 CD

CD 0>

<37



0

I64 4.

- 0

v Ow4
+- -z

0 ~ 01

~C-4
- - .- ucl
U -~ 0

to

.A4E40 1
- -

*~ uo38



r-

il
(CA

Lo 404
a.

S0-A

-,>- 11 o

o o o o o 0 6 .,

- I I " I T.

00

z *,

>0 .-...

0

39



REFERENCES

T. Absi, Irradiance Measurements by WRDC/AARI-3 from 7 Feb 85 1213 local time (highest
sun angle): 7.98gW/cm 2 over 992-1005nm band with 30% cloud cover.

C. Bachman, Laser Radar Systems & Techniques (Artech House, Dedham MA, 1979).

E. Dereniak & D. Crowe, Optical Radiation Detectors, p. 239-240 (John Wiley & Sons, New

York 1984).

J. Goodman, "Some Effects of Target-induced Scintillation on Optical Radar Performance," Proc

IEEE 53(11), p. 1688-1700, (Nov 1965).

J. Jamieson, et al., Infrared Physics and Engineering, p. 19 (McGraw-Hill, New York, 1963).

R. Kingston, Detection of Optical and Infrared Radiation (Springer-Verlag, Berlin, 1978).

E. Kreyszig, Advanced Engineering Mathematics p. A-57 (John Wiley & Sons, New York,
1979).

P. Meyer, Introductory Probability and Statistical Applications, p. 194 (Addison-Wesley Publish-
ing Co, Reading MA, 1970).

M. Skolnik, Introduction to Radar Systems, p. 27, 225 (McGraw-Hill, New York, 1980).

M. Skolnik, Radar Handbook, p. 37-5, 37-39, 37-54 (McGraw-Hill, New York, 1970).

W. Wolfe & G. Zissis, The Infrared Handbook, p. 3-37 (Infrared Information Analysis Center,

Ann Arbor MI, 1985).

A. Yariv, Optical Electronics, p. 315-317 (Holt, Rinehart & Winston, New York, 1985).

40


